Acetabular fracture is an intra-articular fracture of the most important weight-bearing joint, the hip joint, and in order to obtain optimal results, accurate anatomic reduction, firm fixation, and early rehabilitation are essential.
Clinics in Orthopedic Surgery • Vol. 7, No. 1, 2015 • www.ecios.org as the method for approaching the anterior acetabulum and pelvic bone by Cole and Bolhofner 9) and Hirvensalo et al. 10) Short-and long-term results of acetabular fractures using the modified Stoppa approach have not been reported to any meaningful extent until now. Therefore, we aimed to evaluate the efficacy of the operative technique via the modified Stoppa approach by analyzing the results and the complications of acetabular fractures treated with the modified Stoppa approach. Moreover, we evaluated the effect of comminution of fractures on the final results, considering the recent increase in the frequency of comminuted acetabular fractures along with the increase in the cases of high-energy trauma.
METHODS

Study Participants
A total of 55 patients were treated for acetabular fractures at our hospital from November 2007 to November 2010. Among them, 40 cases underwent the operation. The modified Stoppa approach to the anterior pelvis was used in 22 cases instead of the ilioinguinal approach, which is the most widely used anterior approach. This study retrospectively analyzed 20 patients with a minimum 2-year follow-up among the 22 patients with acetabular fractures who underwent operation via the modified Stoppa approach. The other two patients (1 case of transfer to another hospital in the patient's hometown and 1 case of death due to underlying liver cirrhosis) were excluded from the minimum 2-year analysis of clinical and radiographic results but were included in the analysis of operative time, blood loss, quality of reduction, and perioperative complications. The average follow-up was 2 years and 6 months (range, 2 years to 3 years and 7 months). The average age of the patients, including 16 men and 6 women, was 45 years (range, 20 to 74 years) ( Table 1) . Traffic accident, in 12 cases (54.5%), was the most frequent cause of injury. The average anesthesia time was 242 minutes (range, 118 to 405 minutes), and the average blood loss was 1,252 mL (range, 320 to 3,850 mL). Seventeen patients (77.3%) suffered 63 accompanying injuries (Table 2) . Among these injuries, fracture in other areas was the most common accompanying injury (28 injuries, 44.4%). Twenty-six other organ injuries (41.3%) were identified including 5 head injuries. Thirteen neurologic injuries were observed initially. Among them, 9 neurologic injuries were confirmed on the electromyogram test during the follow-up, which included 3 lumbosacral plexus injuries, 3 sciatic nerve injuries, and other injuries. Many neurologic injuries were resolved at the final follow-up, including all 3 lumbosacral plexus injuries and 2 out of the 3 sciatic nerve injuries.
Preoperative Assessment and Management
Simple anteroposterior radiographs of the obturator foramen and iliac wing, inlet-outlet views of the pelvis, and computed tomography (CT) images were taken in the emergency room as long as the systemic status of the patients allowed their acquisition.
The fracture patterns were categorized into 5 "elementary" and 5 "associated" fracture patterns based on the criteria of Judet et al.
11) There were 6 cases of elementary fractures, which were all anterior column fractures. The remaining 16 cases were associated fractures, including 6 cases of transverse and posterior wall fracture, 1 case of Tshaped fracture, 8 cases of anterior column and posterior hemitransverse fracture, and 1 case of both-column fractures (Table 3) .
In addition, the fractures were further classified into non-comminuted or comminuted fracture. A comminuted acetabular fracture was defined when 3 or more fracture fragments were identified in the acetabular weight-bearing area on the midsagittal view of CT (Fig. 1) . 12) Nine cases were classified as comminuted fractures, and the other 13 cases were classified as non-comminuted fractures.
Low-molecular-weight heparin was administered to all of the patients at the time of hospitalization. Skeletal traction was applied prior to the operation in selected cases to reduce the pain or maintain the reduction. Surgical procedure was performed on the average seventh day after injury (range, 1 to 18 days). Preoperatively, systemic conditions and accompanying injuries in the patients were evaluated sufficiently. Surgical indication was displaced fractures through the weight-bearing dome. More specifically, the operation was performed in cases with free fragment(s) within the joint space, the roof arc angle 2) less than 45°, and displacement more than 2 mm.
3)
Operative Planning
All of the surgical procedures were performed by one of the authors (HYK). In all events of application of the anterior approach in accordance with the fracture pattern (anterior wall, anterior column, anterior column and posterior hemitransverse fractures, some both-column fractures in which the anterior displacement was larger than the posterior displacement, and some transverse Tshaped fractures), surgery was performed via the modified Stoppa approach instead of the ilioinguinal approach. Some T-shaped and transverse fractures were included if the fracture in the posterior column was located high enough (close to the sciatic notch) in order to be addressed through the anterior approach and no posterior wall involvement was noted. Methods of reduction and fixation were determined and illustrated in the diagram by using CT images prior to the operation, and the diagram was printed out and pasted on the wall of the operating room prior to the operation.
Operative Technique (Modified Stoppa Approach) and Postoperative Management
The patient was positioned supine on the operating table and the reducibility of the fracture was checked with Carm. The entire lower limb and the lower abdomen were aseptically draped for the operation, and hip flexion was performed to relax the iliopsoas muscle, the external iliac/ femoral neurovascular bundle, and the abdominal muscles by placing a large sandbag underneath the knee, and this also enabled multi-directional traction of the limbs for fracture reduction. The surgeon performed the operation on the contralateral side of the injured acetabulum. An arc-shaped skin incision of 12-15 cm was made 2 cm proximal to the superior pubic ramus. The incision was deepened to the abdominal fascia. The exposed rectus abdominis muscle was divided along the linea alba to approach the internal aspect of the pelvis.
On approaching the inside of the pelvis, corona mortis was identified and ligated first and subperiosteal dissection was performed along the pelvic brim to expose the fracture fragments. The obturator nerve and vessels that pass through the obturator foramen were usually identified easily and were protected during the further procedure (Fig. 2) . Extreme precautions were taken to protect the external iliac artery and vein which lie just over the iliopsoas muscle which was retracted upwards. In some risky cases, the external iliac vein was damaged during the operation. These risky cases were of the patients with severe adhesions in this area due to previous surgeries such as repeated hernia operations or repeated cesarean sections, or of the patients in whom the operation was de- layed by more than two weeks due to the other accompanying injuries. Once the fracture site was exposed, reduction was attempted and internal fixation was performed. If the modified Stoppa approach alone was insufficient for reduction or internal fixation, a lateral window was made along the iliac crest to fix the high anterior column fracture (exiting the iliac crest) or to fix the posterior column with a lag screw. In addition, for fractures which could not be reduced using only the anterior approach such as those with an associated posterior wall fracture, the posterior approach (the Kocher-Langenbeck approach 11) ) was used concurrently or a week later. A screw, cable, and/or plate were used singly or in combination for fixation of the fracture.
Postoperatively, passive hip joint range of motion exercise using the continuous passvie motion device was encouraged as early as possible in the patients in whom solid fixation was achieved. Patients with severe comminution of the acetabulum were subjected to skeletal traction for 2-3 weeks. For determining the timing or extent of weight-bearing, the general condition of the patients, the severity of the accompanying injuries, the extent and quality of reduction, and stability of fixation were considered.
Only the modified Stoppa approach was used in 13 hips, while the Kocher-Langenbeck approach was additionally used in 9 hips (Table 3 ). In 2 cases (one with the anterior column and posterior hemitransverse fracture and the other with both-column fracture), a lateral window was made over the iliac crest simultaneously. A plate was applied in 20 cases. A pelvic reconstruction plate was used most frequently, and the other types of plates such as a hook plate were also used whenever necessary (Table 1) .
Outcome Evaluation and Statistical Analyses
The maximum displacement of the bony fragment was measured in the unit of mm by using PACS, Marosis mview ver. 5.4 (Marotech Inc., Seoul, Korea) on the simple radiographs and the CT images for evaluation of the fracture reduction quality based on the criteria of Matta 2, 13) and Matta et al. 14, 15) In this study, if the measured displacement was less than 0-1 mm, it was categorized as anatomical reduction, if it was in the range of 2-3 mm, it was categorized as imperfect reduction, and if it was > 3 mm, it was categorized as poor reduction. In addition, the radiographic and clinical results were categorized at the last follow-up as excellent, good, fair, and poor according to the criteria described by Matta 2) and Matta et al. 14) Finally, the accompanying injuries and complications were examined, and correlations between the clinical and radiographic results and between the fracture reduction quality and the extent of comminution were statistically analyzed. PASW ver. 18.0 (SPSS Inc., Chicago, IL, USA) was used 
RESULTS
Quality of Reduction
There were 17 cases of anatomical reduction, 4 cases of imperfect reduction, and 1 case of poor reduction. From these 17 cases, 2 cases categorized as anatomical reduction were excluded because of loss to follow-up.
Correlation between Extent of Comminution and Reduction Quality
Nine patients with comminuted fractures displaying more than 3 bony fragments in the acetabular weight-bearing area included 4 cases of anatomical reduction, 4 cases of imperfect reduction, and 1 case of poor reduction. In the case with comminution, it was difficult to achieve anatomical reduction (p = 0.03).
Correlation between Reduction Quality and Clinical Results
Among the 15 patients with anatomical reduction, 14 patients exhibited good and excellent results and only 1 patient exhibited a poor result. Two out of the 4 patients with imperfect reduction exhibited excellent results while the other 2 patients exhibited poor results. One patient with poor reduction exhibited a poor result ( Table 4) . The reduction quality correlated well with the clinical results (p = 0.03).
Correlation between Reduction Quality and Radiographic Results
Fifteen out of the 18 patients who exhibited good and excellent results had anatomical reduction at the time of the operation. In the 3 patients without anatomical reduction (i.e., imperfect or poor reduction), good radiographic results were obtained (Table 5 ). In the cases with good anatomical reduction, the final radiographic results were also satisfactory (p = 0.01).
Poor reduction was observed in a patient with fracture-dislocation of the hip joint. The patient had a transverse and posterior wall fracture according to the classification of Judet et al. 11) Reduction of the joint and the internal fixation of the fracture were performed in the operating room after 5 days without reduction of dislocation due to poor systemic state of the patient. Severe damage to the joint cartilage was observed during the operation. The patient showed poor clinical and radiographic results during the follow-up, and underwent hip joint fusion due to deep infection at 6 months after the operation, which resulted in successful control of the infection. In the third year after the operation, the fused hip joint underwent total hip replacement arthroplasty (THRA) and the patient regained mobility. (Table 6 ). Ten cases showed arthritic changes based on the criteria for radiographic arthritis described by Letournel et al. 16) Most of them were graded as type I or II except for 2 patients who showed joint space narrowing and were graded as type III (which was surgically treated with THRA later). Deep infection and avascular necrosis were observed in one case. In this patient, the femoral head could not be reduced into the acetabular socket initially due to comminution and surgery was delayed by more than a week due to very poor general condition. THRA was performed in this patient.
Complications
A total of 19 complications were observed in 13 patients
The patients with ectopic bone formation (combined approach was used in all of these cases) did not complain of pain or limitation of motion. In one case, a screw was positioned intra-articularly, which was observed on the postoperative CT images. The screw was inserted via the posterior approach and was removed immediately. There was nonunion in the patient with a transverse and posterior wall fracture accompanied by dislocation. The patient exhibited poor radiographic and clinical results. Reoperation was performed to reduce the displaced fracture and to lay down the autogenous bone graft at 10 months after the initial operation.
DISCUSSION
Surgical approach to the acetabulum and accurate reduction and internal fixation are difficult because of its complicated anatomical structure and its deep location. Therefore, it is necessary to perform a thorough radiographic analysis and determine the preoperative plan including the order of reduction and method of fixation. Moreover, sufficient surgical field must be secured by deciding which approach is to be applied and in what order during the actual surgical procedure.
In general, better results are obtained with greater extent of radiographic results in the acetabular fracture. 17) In particular, restoration of the upper weight-bearing dome 14, 18) of the acetabulum is the key to successful treatment. With the recent increase in high-energy injuries, there is a tendency for gradual increase in comminuted fractures of the acetabulum rather than a simple fracture with one or two bony fragments. The authors of this study, under the premise that greater extent of comminuted fracture would result in greater difficulty in achieving anatomical reduction with an ensuing poor result, examined the correlation between the number of bony fragments in the weight-bearing area (extent of comminution) on CT images, the reduction quality, and the clinical and radiographic results.
Statistical Analysis of the Extent of Comminution
Although the quality of reduction (p = 0.03) and the clinical results (p = 0.04) were better in patients with a lesser number of bony fragments (extent of comminution), the radiographic results were not statistically significant (p = 0.74). However, it is deemed that a longer follow-up and an increasing number of cases would affect the radiographic results. Letournel and Judet 5) reported that anatomical reduction was achieved during the operation via the ilioinguinal approach in 73% of the 146 patients with acetabular fractures, and excellent radiographic results were obtained in 61% of the patients with both-column fractures, in 86% of the patients with anterior column fractures, and in 68% of the patients with anterior column and posterior hemitransverse fractures. Matta 13) reported the results of application of ilioinguinal approach in a total 119 cases (with an average follow-up of 3 years). The results showed anatomical reduction in 74% of the cases, satisfactory reduction in 16% of the cases, and unsatisfactory reduction in 10% of the cases. The radiographic results during the follow-up were excellent in 63% of the cases, good in 21% of the cases, and fair in 14% of the cases, and the clinical results were excellent in 37% of the cases, good in 47% of the cases, fair in 14% of the cases, and poor in 2% of the cases. Hirvensalo et al. 19) reported the results of operation through the modified Stoppa approach in a total 164 cases of acetabular fractures. A good result was obtained in 84% of the cases, a fair result was obtained in 9% of the cases, and a poor result was obtained in 7% of the cases, along with the clinical and the functional results of the Harris 20) hip score of more than 75 points in 80% of the patients.
Correlation between Reduction Quality and Clinical and Radiographic Results
In our study, we were able to achieve anatomical reduction in 17 (77.3%) out of the 22 patients treated via the modified Stoppa approach, and the good and excellent clinical results were obtained in 16 cases (80%) and good and excellent radiographic results were obtained in 18 cases (90%) after the exclusion of 2 patients lost to follow-up. These results are similar or slightly better than the results obtained by the other researchers. This is considered to be the result of performing reduction through the lateral window in addition to the modified Stoppa approach or using the combined approach whenever necessary. In addition, we were able to confirm the correlation between reduction quality and results of the treatment as indicated by the finding that improved reduction leads to better radiographic and clinical results at the last follow-up (p < 0.05). Numerous researchers reported that there is a close correlation between the radiographic results and the clinical results at the last follow-up. 21, 22) In this study, good and excellent radiographic results were obtained in 18 cases and good and excellent clinical results were obtained in 16 cases; thus, radiographic results were slightly better than the clinical results, and this enabled us to confirm the correlation between clinical and radiographic results (p < 0.05).
Marsh et al. 23) stated that the most important factor that determines the clinical results was damage to the joint cartilage, which would induce degenerative changes in the joints even if anatomical reduction was achieved. This indicates that irreversible cartilage damage at the time of injury determines a substantial proportion of the clinical results. In this study, there was 1 case that showed a poor clinical result even after achieving anatomical reduction during the operation. In this patient, the femoral head showed severe slippage of the articular cartilage during the surgical procedure which was not visible on simple radiographs and CT images. We did not allow partial weight-bearing for a couple of weeks postoperatively. The patient started walking with crutches on the tenth day after the operation and complained of pain in the hip joint throughout the entire follow-up until THRA was performed. There was no nerve injury or other complications although the patient developed traumatic arthritis afterwards. The surgeon must make the decision regarding the timing of weight-bearing on the basis of reduction quality and stability of fixation.
Complications and Accompanying Injuries
Complications that can accompany acetabular fractures include ectopic bone formation, traumatic arthritis, nerve injury, infection, avascular necrosis of the femoral head, intra-articular screw placement, hip joint subluxation as well as non-union. 3, 24) With the use of the ilioinguinal approach, Letournel and Judet 5) reported complications in 9% of the patients including 3 cases (2.1%) of infection, 8 cases (6%) of iliac nerve and sciatic nerve palsies, 2 cases (1.4%) of abdominal hernia requiring surgical repair, 3 cases (2.1%) of external iliac vein injuries, and 1 case of thrombosis of the internal and external iliac artery as well as ectopic bone formation. In the study by Matta, 13) a com- 
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plication rate of 13%, including 1 case of femoral artery injury, 1 case of femoral nerve palsy, and 3 cases of wound infection, was reported. The occurrence of postoperative arthritis has been reported quite variably by the authors (17% by Letournel et al. 16) to 57% by Pennal et al. 25) ). Letournel et al. 16, 26) reported that it took 10-25 years for 50% of the patients to develop traumatic arthritis after anatomical reduction, and it took less than 10 years for 80% of the patients who had an imperfect reduction to develop traumatic arthritis. In our study, 8 hips were graded as type I or II, and 2 hips were graded as type III. This is a relatively short-term follow-up study, and a long-term follow-up is necessary to accurately evaluate the occurrence of posttraumatic arthritis, especially in the cases graded as type I or II. As already mentioned above, 2 cases of type III arthritis showed avascular necrosis, poor reduction, or damage to the joint cartilage. They were surgically treated with THRA although the follow-up was relatively short.
In our study, there were 3 episodes of ectopic bone formation in the buttock area that were not approached posteriorly through the modified Stoppa approach in which the large muscles are not dissected in comparison to the classic ilioinguinal approach. 1, 13) The lateral femoral cutaneous nerve is the most frequently injured nerve with the ilioinguinal approach. 1, 4) Nerve injury is thought to be due to excessive retraction or severing of the surgical window. The modified Stoppa approach avoids the middle window, which lessens the chances of injury to the inguinal canal, femoral nerve, and external iliac vessels. In this study, there was no episode of injury to these structures via the modified Stoppa approach.
The modified Stoppa approach provides the advantages of direct visualization of the entire pelvic brim from the pubic body to the anterior aspect of the sacral ala, direct visualization and access to the quadrilateral plate allowing for reduction and plating, and direct visualization and access to the posterior column from the greater sciatic notch to the ischial spine allowing for reduction and plating. In our study, the approach to these structures was easy and we were able to approach the upper section of the iliac bone and the iliac crest through an additional lateral window (Fig. 3) . In addition, the modified Stoppa approach enabled to extend the surgical field inside the pelvis for performing operations for bilateral acetabular fractures and the accompanying ipsilateral or contralateral pelvic fractures.
However, the modified Stoppa approach needs much more delicate dissection in the cases with intrapelvic adhesions (such as revision surgery including implant removal, and previous surgery in the lower abdomen). Compared to the other pelvic approaches, it is much easier to perform the modified Stoppa approach in patients with a thin body type. Severe obesity and previous repeated pelvic surgery could be relative contraindications for the modified Stoppa approach.
Finally, this study has limitations since the follow-up period was short, the number of the subjects was less, and it was a retrospective study without a control group.
Excellent and good results could be achieved through the modified Stoppa approach for the treatment of acetabular fractures (p < 0.05). It can be concluded that the modified Stoppa approach could be used as an alternative to the classic ilioinguinal approach. In addition, comminution of the acetabular fracture was an important factor causing non-anatomic reduction (p = 0.03) and finally unsatisfactory clinical results (p = 0.04).
